Abstract: Electron Rutherford backscattering~ERBS! is a new technique that could be developed into a tool for materials analysis. Here we try to establish a methodology for the use of ERBS for materials analysis of more complex samples using bone minerals as a test case. For this purpose, we also studied several reference samples containing Ca: calcium carbonate~CaCO 3 ! and hydroxyapatite and mouse bone powder. A very good understanding of the spectra of CaCO 3 and hydroxyapatite was obtained. Quantitative interpretation of the bone spectrum is more challenging. A good fit of these spectra is only obtained with the same peak widths as used for the hydroxyapatite sample, if one allows for the presence of impurity atoms with a mass close to that of Na and Mg. Our conclusion is that a meaningful interpretation of spectra of more complex samples in terms of composition is indeed possible, but only if widths of the peaks contributing to the spectra are known. Knowledge of the peak widths can either be developed by the study of reference samples~as was done here! or potentially be derived from theory.
INTRODUCTION

Electron Rutherford Backscattering
Electron Rutherford backscattering~ERBS! is a novel technique that is being developed at the intersection of electron spectroscopy and ion beam analysis. It is based on the fact that energetic~multiple keV! electrons scattered over large angles transfer a significant amount of momentum to the scattering nucleus~Vos, 2001; Varga et al., 2001 Varga et al., , 2006 !. As a consequence, the nucleus acquires kinetic energy, and the energy of the electron is reduced by this amount. If an electron beam impinges on a material, consisting of several elements, then the elastically backscattered electrons have an energy distribution consisting of several peaks, each corresponding to scattering from a specific element.
The fractional change in energy is very small, owing to the large mass-mismatch between electrons and nuclei. Hence, a large incoming energy and scattering angle are required~to maximize the momentum transfer! in combination with good energy resolution~better than 0.5 eV full-width at half-maximum! of the spectrometer. This is thus a challenging experiment and explains why this technique is only recently being developed. With one exception @study of thin film MgB 2 superconductors~Zhao et al., 2007!#, this technique has only been used to study the physics of the process itself, using samples of well-known composition. Now we want to determine whether ERBS can be used as an analytical technique in a research context. For this, we chose the question of the composition of bone minerals. The mineral content of bones consists of a mixture of elements, in particular Ca, P, Mg, Na, O, C, and H, mostly in the form of hydroxyapatite~Ca 10~P O 4 ! 6~O H! 2 !, and minor contributions of other phosphates, carbonates, and alkali salts. These elements are all relatively light, and hence their separation in an ERBS spectrum is appreciable. The separation of these elements for our measurement geometry is summarized in Table 1 , as well as their differential scattering cross-section calculated using the ELSEPA code~Salvat et al., 2005!.
As we will see, the separation of Ca and P is less than their intrinsic peak widths. The interpretation of the spectra depends thus on a peak fitting procedure, with the widths of the peaks being a crucial input variable. To get some handle on the Ca peak width, we measure first a calcium carbonate~CaCO 3 ! sample. Here the Ca peak stands free, and its area and width can be determined straightforwardly. Next we look at hydroxyapatite, Ca 10~P O 4 ! 6~O H! 2 , a mineral that is the main constituent of bone mineral, and see how accurately we can obtain the Ca to P ratio in this case. Finally, we consider mouse bone samples and determine the Ca to P, O, and C ratio, and obtain an estimate of the concentration of sum of the Na and Mg atoms present.
In this paper, we mainly focus on the measurement and analysis procedure, and compare finally our best estimate of i can, in principle, be derived from lattice simulation programs or measured phonon dispersion relations. Here we try to obtain estimates of this width s i~a nd hence E kin i ! by studying reference samples.
Motivation for the Measurement of the Elemental Composition of Bones
The human skeleton undergoes a continuous process of remodeling throughout life. The remodeling cycle lasts 6-9 months in healthy adults~Manolagos & Parfitt, 2010!. Bone contains a highly active cellular compartment with a large mineralized matrix. The main elements are calcium and phosphorus, mostly as crystalline hydroxyapatite but also as noncrystalline phosphates and carbonates. More than 99% of the body's calcium, 80% of its phosphorus, and 60% of its magnesium are found in bones. In the extracellular matrix, minerals associated with proteins are synthesized by osteoblasts. These proteins serve as a scaffold for mineralization and they are also responsible for the elasticity of bones Lakatos & Takács, 2012!. Minerals are important for the strength of bones. In addition, bone plays a role in the overall calcium homeostasis in the body and probably in the homeostasis of some trace elements as well.
Bone maintains its strength through the modulation of its remodeling activity, adapting its structural and material properties in response to its load. A complex control network takes care of the proper bone turnover, and details of the roles of calcium and phosphorus have been studied, but many other trace elements are also regularly found in the extracellular matrix of the bone. However, we do not know much about their importance. Not only calcium but also magnesium deficiency~Rude et al., 2004 deficiency~Rude et al., , 2009 Nielsen, 2010 ! or high iron content~Guggenbuhl et al., 2008 in osteoporosis, which suggest that trace elements have some role in mineralization. Imbalance in any step of the controlling network may result in osteoporosis. Osteoporosis, characterized by a decrease in bone strength, leads to an increased risk of bone fractures. It constitutes a major public health problem throughout the world as about 10% of the population is affected. Osteoporosis not only decreases the mineral content of the bones, but also affects the quality of mineralization and disturbs the bone structure~Boivin & Meunier, 2003!. Osteoporosis is defined as a reduction of bone mass or bone density. Little is known about the associated changes in microstructure or distribution of trace elements in the mineral content. This is because only some indirect methods are available to medical practitioners to estimate the mineral content of bones. These noninvasive techniques include dual-energy X-ray absorptiometry~DEXA!, singleenergy X-ray absorptiometry, quantitative computed tomography, and ultrasound. DEXA has become the standard method for measuring bone mineral density~BMD!. These methods are not able to determine elements separately. Although BMD is believed to be in close association with the risk of osteoporotic fracture, it is not surprising that in many cases fractures appear partially independent of de- Backscatter electron~BSE! analysis is used for bone analysis~Bloebaum et al ., 1997 Vajda et al., 1998! and is the technique in bone research that is most closely related to the one described here. BSE analysis also depends on electron backscattering from bones, but all electrons with an energy exceeding a threshold value are counted. The observed count rate then depends on the mean atomic number of the atoms comprising the bones. As the target consists of many elements, the obtained mean atomic number does not allow for the exact sample composition, but the experimental evidence shows that it still provides valuable information of the Ca/P concentration ratio. BSE analysis is a more efficient technique making microscopic visualization of spatially resolved density variations possible. The present technique provides more than a mean atomic number, and the Ca/P ratio is derived directly from the experiment, whereas in BSE analysis more indirect indications of the Ca/P ratio is obtained by comparing count rate variations in different samples.
Here we present an application of a new direct method to determine the main elements of bone mineral, which could be of use to study pathological changes in animal models or human samples obtained from biopsies. We do not think that this method will replace any of the existing methods, but it could, especially when integrated in an electron microscope be useful as a technique that determines quantitatively the Ca/P intensity ratio near the surface.
MATERIALS AND METHODS
Experimental Details
Most of the samples studied here consisted of a fine or somewhat coarse powder. Hydroxyapatite~synthetic; purity, .99.995%; @Ca 5~O H!~PO 4 ! 3 # 2 ; molecular weight, 502.31; Aldrich Chemical Co.! was studied both as a powder and pressed as a pill. The present study conforms to the European Community guiding principles for care and use of laboratory animals. The experimental protocol was approved by the Hungarian National Ethics Committee for Animal Research~4/2011 DEMAB!. Femurs of~Balbc ϫ DBA! F1 healthy mice~male, 20 weeks old, National Institute of Oncology, Budapest, Hungary! were used. Mice were exterminated by cervical dislocation, and then both femoral bones were removed. They were cleaned from lipids, muscles, and tendons. The bone marrow was washed out with distilled water many times through a fine needle syringe. After this, the bones were dried for a day and were calcinated to prepare bone powder. Calcination~the process of high-temperature heating in the presence of atmospheric oxygen in which all organic material is combusted to CO 2 ! was accomplished by burning the bones in a Bunsen burner for 10 min. The end product is pure bone mineral, a compound related to hydroxyapatite, which is very fragile. These bone remnants were broken in a small ceramic mortar. Each mouse bone powder sample contained the femur of five mice. For brevity, we will refer to these samples simply as mouse bone powder.
Ultra-smooth conductive carbon adhesive tabs~Pro-Scitech Pty Ltd., Australia, http://proscitech.com.au! were stuck to a metal shim with an array of 1-mm-diameter holes.
The powder was pressed on the tabs filling the holes in the steal shim. The coarser mouse bone pieces were pressed directly on the tab, without a shim being present~see Fig. 1 !.
An outline of the spectrometer is shown in Figure 2 . The method was described in some detail in Went and Vos 2008!. Since then, the scattering angle was increased to 1358 and the two-dimensional detector readout was changed from a resistive anode to a phosphor screen camera combination. The first change slightly improved the separation of the peaks, owing to increased momentum transfer. The second change improved the energy resolution somewhat, in particular it removed almost all of the non-Gaussian wings that could be seen in the elastic peak shape when using a resistive anode as the detector.
The 0.2-mm beam was aligned with the holes in the shim. Well-covered holes were selected. Moreover, it was checked that the beam was well away from the metal shim.
Often, a quick scan was made first to ascertain that no heavy elements were present in the ERBS spectrum. For the actual measurement, we subsequently evaporated '1 Å Au on the surface. As we will see, Au has, due to its large mass, a very sharp elastic peak. The Au signal thus provides us with an internal check of the actual spectrometer resolution during the measurement. The true zero-energy loss position of the spectrometer is also easily obtained from the sharp Au elastic peak, which for E 0 ϭ 40 keV is at an energy loss of 0.395 eV. In practice, the Au peak was found slightly away from this value, as the zero point of the energy scale of the spectrometer depends somewhat on the sample position. In the figures presented here, a small quantity is added or subtracted to the energy scale, in such a way that the Au peak always appears at 0.395 eV.
Typically, a current of '7 nA was used during the measurement. No change of the spectra with electron beam exposure was observed. A single measurement took typically 2 h, and the measurement was repeated for three different sample positions.
The scattered electrons were decelerated and analyzed for energy using a hemispherical electrostatic analyzer. The peak width of the Au elastic peak was '0.5 eV full-width at half-maximum.
Data Analysis
Under the present experimental conditions, all indications are that the contribution of an element to an ERBS spectrum can be represented by a Gaussian centered at a recoil energy loss of E rec i . As explained before, there is a small uncertainty in the zero point of the energy scale. Another quantity that is somewhat unknown is the incoming energy. This is mainly due to the fact that the samples studied here are insulators, and it is possible that the surface charges as a consequence of the small current of impinging high-energy electrons. For example, if the sample charges by 1 keV, then the experiment would effectively be done with 39 keV impinging electrons and the actual recoil energy would be 39/40 ϫ E rec i . In light of these uncertainties, the spectrum is fitted by the following formula:
where the parameters are y 0 an energy-independent background~due to detector "dark" count rate!, E offset a small shift due to the uncertainty in the true zero loss position in the spectrum, k a parameter, close to 1, describing the effect of possible charging of the sample, s i is the intrinsic width of component i, i.e., the Doppler broadening of this component, as described by equation~3!. This variable is often kept constant, as will be explained later. s res is the resolution of the spectrometer. From measurements at 458 scattering angle of Au, where we are sure that the Doppler broadening is small, we judge the resolution s res to be 0.14 eV~i.e., 0.35 eV full-width at half-maximum!. A different choice of the experimental resolution will result in different intrinsic width of the different components, but will not affect the ratio of their intensities. A i is the area of component i. In the fitting procedure, E rec i is always kept fixed at the mean recoil energy q 2 /2M i , and the experimental resolution s res is set to a value such that the intrinsic width of Aũ s Au !, the sharpest peak, is 0.14 eV. This is the intrinsic width calculated for Au using equation~4!, assuming that E kin ϭ 3 2 _ kT. The latter assumption should be reasonable for Au as its Debeye temperature~170 K! is considerable less than the measurement temperature~293 K!. The observed dependence of the full-width at half-maximum of the Au peak on the scattering angle~0.35 eV for u ϭ 458; 0.5 eV for u ϭ 1358! is consistent with the assumption that for Au E kin ϭ For the other elements contributing to our spectrum, we have no reason to assume that E kin ϭ 3 2 _ kT. Indeed, we will see that their kinetic energies are often significantly larger. In principle, one could calculate their kinetic energies from the crystal structure in combination with a proper interatomic potential. Currently, this is not done routinely. Hence, Figure 1 . A picture of a part of the 12-mm-diameter tab with the mouse bone stuck to it. A piece of a ruler with 0.5-mm division is shown as well.
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we follow a somewhat different route. We first measure CaCO 3 , where the Ca is well resolved. Subsequently, we study hydroxyapatite, a mineral of known composition, closely related to the constituent of bones, and determine whether we can analyze this sample using either the width as a free parameter or using the same width for Ca as in CaCO 3 . Next we analyze the mouse bone sample, again considering the widths of Ca and P as free parameters, or using the P and Ca width as obtained for hydroxyapatite.
RESULTS
We discuss the results for different samples in order of increasing complexity. Our experience with the "simple" cases is used to unravel the more complex cases.
Results for CaCO 3
We start with CaCO 3 , where the Ca peak is not expected to overlap with any other contributions to the elastic region of the spectrum. A sample with a CaCO 3 powder was introduced into the vacuum chamber. It was measured as is, and the low-loss region of the energy loss spectrum showed two clear peaks, and a shoulder at higher energy losses~see Fig. 3 !. On the basis of the calculated recoil losses and atomic elastic scattering cross-sections~see Table 1!, we interpret the peak at lowest energy loss to be due to electrons scattered elastically from Ca, the second due to electrons scattered from O, and the shoulder due to electrons scattered from C. Clearly, the Ca peak is sharper than the O peak and C shoulder. To make the interpretation even more rigorous, we evaporated '1 Å of Au onto the sample surface.
After Au evaporation, the ERBS spectrum showed three peaks and a shoulder, as shown in the main panel of Figure 3 . The new peak, attributed to Au, is at lower energy loss than the peak attributed to Ca, and is even narrower than the Ca peak. Thus, most of the width of the Ca peak is intrinsic, i.e., the vibrational motion of the atom causes Doppler broadening of the elastic peak @see equation~4!#. Owing to the large scattering cross-section of Au, even an '1 Å thin layer contributes an appreciable peak to the spectrum. This does not imply, however, that ERBS is extremely surface-sensitive~Vos & Went, 2007!. The depth probed is of the order of the inelastic mean free path, which, according to the TPP2M formula, is 512 Å for 40 keV electrons in CaCO 3~T anuma et al., 1994!. This spectrum of CaCO 3 with Au was fitted using equation~5!, as well as the spectra obtained from two other Figure 2 . A schematic overview of the spectrometer. In this work, gun B is used, which produces 500 eV electrons. The sample is in a high-voltage area, kept at 39.5 keV. Thus, 40 keV electrons hit the sample, and we detect electrons scattered over 1358. These electrons are first decelerated to '200 eV and then analyzed for energy by an electrostatic analyzer. spots on the same sample. A good fit was obtained with a value for k of 0.996 6 0.002. Nominally, this corresponds to charging of the sample by 160 V, but such a small deviation of k~corresponding to a peak separation change of Au and C of 0.02 eV! could also be caused by calibration errors of either the high-voltage power supply or the positionsensitive detector. The result indicates that charging of the sample is limited and is not a factor that would make ERBS hard to apply to this kind of poorly conducting samples. These results also show that the peak separation is in very good agreement with the simple~and purely classical! theory of electrons scattering from free atoms.
The result of the fitting is further summarized in Table 2 . The reproducibility of the Ca:O intensity ratio is good, with the lowest and highest ratio differing by only 3%. The Ca:C intensity ratio is more challenging to determine accurately, as the C peak is only observed as a shoulder. Nevertheless, the lowest and highest value differ by only a few percent. It is even more interesting to compare these intensity ratios with the theoretically calculated ones, using the calculated elastic scattering cross-sections given in Table 1 . The Ca:O intensity ratio obtained in this way is only 4-7% larger than the observed one. For the Ca:C ratio, the agreement is not as good, with the area of the C peak 23-25% larger than expected. This probably indicates the existence of different contributions at these energy losses~such as scattering from a Ca atom plus the creation of an electronic excitation!, which are not negligibly small compared to the weak intensity of electrons scattered by carbon. Finally, using equatioñ 4!, the measured width of Ca, O, and C corresponds to the mean kinetic energy of the atoms of, respectively, 0.049 eV, 0.070 eV, and 0.101 eV, all significantly more than 3 2 _ kT ϭ0.0375 eV!.
Results for Hydroxyapatite
Encouraged by the good results for CaCO 3 we now proceed with hydroxyapatite~Ca 10~P O 4 ! 6~O H! 2 !, on which again '1 Å of Au was evaporated. In principle, ERBS can detect hydrogen as well~Vos, 2002; Yubero et al., 2005; Yubero & Tökèsi, 2009 !, but because of its low concentration in hydroxyapatite, low cross-section~see Table 1!, and presumably large peak width, hydrogen detection is not realistic in the present case, and the measured spectra was restricted to the low energy-loss region.
One set of measurements was done on hydroxyapatite powder and one set on hydroxyapatite pressed in a pill.
At first glance, the obtained spectra look rather similar to those of CaCO 3 plus Au~see Fig. 4 !, but fitting the spectra with the Au, Ca, and O elastic peaks gives a fit that is much poorer than the fit in the CaCO 3 case.
After including the P elastic peak in the fit, the result, shown in Figure 5 , is of comparable quality to the fits of the CaCO 3 spectra. Thus, the phosphorus peak, although not resolved, has to be included in the fitting procedure to obtain a good description of the experimental result. The parameters obtained by the fitting procedure are summarized in Table 3 . Now the variations in the Ca:P intensity ratios obtained appear quite large: up to 40% for the extremes.~Excluding measurement P #2 the variations are ,17%.!. Clearly, there is a strong correlation between the fitting parameters of the overlapping peaks, in particular the peak width and peak area parameters. The large width obtained for the Ca component in measurement P #2 results in a large area for the Ca peak, and hence to a large Ca:P peak intensity ratio. The situation is somewhat better for the Ca:O intensity ratio. Here the observed ratios are within 12%.
The variation in the observed ratios becomes much less if we keep the width of each component fixed. We reanalyzed the measurement with a fixed width corresponding to the average value of all six measurements in Table 3 . For Ca, the average intrinsic width was 0.353 eV, which is very close to the value obtained for CaCO 3~0 .355 eV!. This agreement is encouraging and could indicate that such a width is typical for Ca in an ionic environment, but this agreement could also be accidental. If such patterns exist, they will become apparent when more data become available. When using the value of the peak width obtained by averaging over all measurements, then the variations in Ca:P intensity ratio is considerable less~10% between the extremes, see Table 4 ! and for the Ca:O intensity ratio the range is 8%. Agreement between the calculated Ca:P intensity ratio~3.08! and the measurement~average of the experimental ratio is 3.16! is surprisingly good and the experimental values scatter around the calculated one. The theoretically expected Ca:O intensity ratio is slightly outside the range of the measurement, but the agreement between all measurements and the calculated value is better than 10% 
Results for Mouse Bone Powder
The bone samples consisted of a a much coarser powder than either CaCO 3 or apatite samples. A picture of the bone particles pressed on a 12-mm-diameter tab is shown in Figure 1 . The beam spot is '0.25 mm diameter, only slightly larger than the average particle size of the bone fragments. Therefore, the spectrum is obtained from only a few grains. There is a slight variation in the color of the grains. Thus, the sample is not uniform and some variability can be expected for measurements of such samples. The possibility that the carbon backing contributes slightly to the spectra cannot be excluded. Again spectra were obtained from three different spots after '1 Å Au was evaporated on the sample. One spectrum showed, even without fitting, clearly more carbon than the other two spectra. First, the spectra were fitted with all widths treated as free variables~Table 5!. Good fits were obtained, as can be seen by the example shown in Figure 6 . However, the width of especially the P peak is considerable larger than in the "parent" mineral hydroxyapatitẽ s ' 0.57 eV in mouse bone versus 0.505 eV in hydroxyapatite!. One would not expect the width of any component to depend on details of the sample composition. Hence, we re-fitted the spectrum with the same width for Ca, P, and O as in hydroxyapatite, and~more speculatively! the same width of C as that of C in CaCO 3 . Now the quality of the fit was somewhat less good, as can be seen in Figure 7 . There is clearly some intensity missing near 3.3 eV, and the fitting procedure reduces the k parameter somewhat to fill this hole, resulting in a slight misalignment of the O peak. From the literature~Benkö et al., 2012!, we know that there are minor quantities of Mg and Na in mouse bone. As is clear from Table 1, the elastic peak of both elements will contribute near 3.3 eV, as their recoil losses~and their scattering cross-sections! are similar. We have rather arbitrarily chosen to add a peak for the element Mg to the fitting procedure, but the area associated with this peak should be considered to be due to the sum of the amount of Mg and Na present in the sample. For this reason, we refer to this component as "Mg" rather than Mg. By including this extra component~while keeping the width of the major components fixed, as described before!, the fit improves considerably~see Fig. 8 !. Moreover, the relative P intensity decreases somewhat~see Table 6 !. The observed Ca:P ratio for the mouse bone sample is now close to the values found for hydroxyapatite. The measured values of Benkö et al.~2012! for the Ca:P ratio of bone samples @n Ca /n P ϭ 1.86 based on PIXE and n Ca /n P ϭ 1.8 based on X-ray photoelectron spectroscopy~XPS!# are rather similar to that of hydroxyapatite where the Ca:P ratio is 1.66. Our result for mouse bonẽ average peak area ratio I Ca /I P ϭ 2.65! corresponds to a concentration ratio of n Ca /n P ϭ 1.43. Without inclusion of the "Mg" component, we have an average value of I Ca /I P ϭ 2.06, which corresponds to n Ca /n P ϭ 1.11, even more at odds with the literature data.
From the average ratio of the area of the "Mg" and Ca component~I Ca /I "Mg" ϭ 19.7! and their cross-sections, we conclude that the n Ca /n "Mg" ϭ 6.7. In Benkö et al.~2012!, one obtains from the XPS data a value of n Ca /n Mg ϭ 12.7. The XPS experiment resolves Mg and Na, and a similar quantity of Na is visible in their spectra compared with Mg. Thus, our estimate of the combined concentration of Mg and Na is in line with the XPS data. We want to stress that this ERBS measurement of the combined Mg plus Na concentration in mouse bone should be treated as somewhat speculative, as we have no experience with the interpretation of ERBS data at this level of precision. The fact that inclusion of an "Mg" component in the model has quite an influence on the value of I Ca /I P illustrates well that we have to treat the numbers obtained here with some caution. Assuming that only a limited number of elements are present, then the fitting procedure gives the concentration of these elements. The statistics of the measurement are good enough to determine the Ca/P ratio with an accuracy of better than 5%, provided that the fitting function used is 100% correct. In reality, our fitting function is incomplete~e.g., iron is present in bones but not included in the fit!, resulting in a much larger absolute uncertainty.
On the other hand, the evidence for the phosphorus concentration is much more direct than in either DEXA, where conclusions are reached about the P concentration based on the difference of X-ray absorption at~only two! different energies, or BSE, which basically uses the intensity of the energy-integrated ERBS spectrum as an indication of the P concentration. Thus, ERBS should currently be seen as a semi-quantitative technique that determines the elemental concentration relatively close~'25 nm! to the surface, and as always it will be easier~and often more useful! to establish trends between different samples rather than the absolute concentration.
DISCUSSION
ERBS has a number of distinct advantages for semiquantitative analysis of samples. For example, in contrast to XPS:
• Its high energy makes it rather insensitive to surface effects.
• The peaks appear well approximated by Gaussian with no obvious problems due to background subtraction.
• All the electrons involved have very similar kinetic energy, and hence one does not need to consider changes of the mean-free path or the analyzer transmission function.
• There are no intrinsic satellites to complicate the quantitative interpretation.
On the other hand, ERBS has a weak point, peaks tend to overlap. The peak width is, especially for the lighter elements, an intrinsic property, and for these elements the situation cannot be improved by increasing the energy resolution. The situation increases slowly if one increases the incoming electron energy~while keeping the scattering angle constant!. Peak separation is proportional to the incoming energy E 0 , but the intrinsic peak width increases proportional to the square root of E 0 .
In practice, one has to live with overlapping peaks. An important conclusion of the work, as described here, is that quantitative analysis is often still possible, but only if one has some knowledge of which elements could be present in the sample and their peak width.
With increased experience one will get well-founded expectations for the peak width of each element in a sample. These expectations can either be based on reference samples or on calculated width, based on the lattice vibrational properties of a material. Thus, there is a clear prospect that for samples, mainly composed of low and medium Z elements, ERBS can be developed in a competitive technique for the determination of their~near-surface! composition.
Another point of concern is how accurate the calculated elastic scattering cross-sections are. The calculations used Salvat et al., 2005 ! are considered "state-of-the-art", and the underlying physics appears reasonably well established, but cross-sections at large scattering angles have only been verified at much lower energies~,1 keV! for a selected number of elements~noble gases and certain high-vapour pressure metals!~Salvat, 2003!. The calculations included the effect of exchange, polarization, and absorption, but only the last contribution is significant. The level of consistency obtained here can be seen as confirmation of the theory under these conditions. If the concentration of some elements is systematically under-or overestimated by ERBS, then this could be interpreted as sign of complications in the cross-section calculations, but no clear trends have emerged so far.
An earlier attempt to measure the composition of materials using ERBS was somewhat less successful~Went In that study, we used single crystals. Since then, we have learned that for single crystals diffraction effects 
CONCLUSION
The promise of ERBS as an analytical technique is clear from the successful analysis of the "simple case" of CaCO 3 and the somewhat more complicated case of hydroxyapatite. Here agreement between the measured and actual composition are on a very respectable 10% level. The actual bone sample showed more variation in outcome and a somewhat less satisfactory agreement between experiment and theory. The variation in outcome between the different measurements can be due to the fact that we average over very few grains, and that the grain composition will vary somewhat with its original position in the bone. In summary, ERBS can become a useful tool to study bone mineralization. As our knowledge of bone mineralization is incomplete, this is currently an active topic of multidisciplinary research involving people working in physics, chemistry, and biological/medical sciences. In general, this case study has shown that ERBS provides an interesting new flavor of microanalysis, a technique that, we think, could have interesting applications, especially if it is integrated in some kind of electron microscopy.
